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ABSTRACT 
INTRODUCTION: Cast analysis plays an essential role in orthodontic diagnosis.  
Intraoral scanning to produce digital models is a relatively new but increasingly common 
practice in graduate orthodontic programs. It is unknown how incorporating digital 
models in post graduate orthodontic programs will influence student learning of model 
analysis.  The purpose of this study was to investigate the possible differences in learning 
speed and accuracy of basic orthodontic model analysis using digital models or 
traditional plaster casts.   
 
MATERIALS/METHODS: Two groups of senior dental students participated, one for 
each mode of cast analysis.  A study moderator provided a 15-minute tutorial instructing 
participants on how to analyze the casts.  A standardized scoring sheet was used for data 
collection.  Each group was given five sets of orthodontic models to measure the 
following parameters: Right molar occlusion, overbite, overjet, arch length, required arch 
space, crowding, and incisor irregularity.    The accuracy of the measurements as well as 
  vi 
the time taken to complete all measurements on each model were recorded. Learning as 
measured by increasing accuracy or decreased time over the group of five casts was 
determined.  Five orthodontic faculty served as the control group.   
 
RESULTS:  Twenty-five students analyzed plaster casts; forty students analyzed digital 
casts.  Molar occlusion was judged as either correct or incorrect; means of the millimetric 
measurements of the other parameters were compared between groups using general 
linear modeling.  The digital learning group had 15 measurements that were significantly 
different from the faculty mean; the plaster learning group had only 2 (p<0.05).  
Regarding molar occlusion, the plaster group was always more accurate. The time 
required for the measurements decreased in each group to a similar extent, with the 
greatest decrease between digital casts 1 and 2. 
 
CONCLUSIONS: Senior dental students learned how to analyze plaster orthodontic 
models more accurately than digital casts.  The time required for analysis decreased over 
5 trials, but was not significantly different between the groups. 
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PREFACE 
 
The profession of dentistry is evolving almost daily due to the technological 
advances introduced into the workplace.  As a new generation of orthodontists enters the 
workforce, they must be trained on the latest diagnostic techniques in residency which are 
both accurate and efficient for clinical practice. 
My research interests are aligned with advancing dental educational practices.  
The idea of using digital technology to teach orthodontic residents of tomorrow was very 
intriguing to me.  Therefore, my background as a former Clinical Assistant Professor of 
Dentistry helped me to design an experiment to assess student learning of orthodontic 
model analysis using digitized dental casts.   
Intraoral scanning devices produce digital representations of the maxillary and 
mandibular dental arches.  Analysis of these digital scans is now being done with 
software programs that have computerized and automated measuring tools.  If we have 
the ability to digitize models, should we still be teaching residents how to measure plaster 
and stone dental casts for diagnosis and treatment planning purposes using digital calipers 
and millimeter rulers?  Do residents learn one method faster or more accurately than the 
other?  These are the questions I wanted to answer.  
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GLOSSARY 
 
Overbite  A vertical measurement, in millimeters, from the edge of 
the maxillary incisor to the edge of the mandibular incisor. 
Overjet A horizontal measurement, in millimeters, from the facial 
surface of the maxillary incisor to the facial surface of the 
mandibular incisor. 
Incisor Irregularity Index The sum of the measurements of the distances between the 
contacts of the mandibular anterior teeth from the mesial of 
the left canine to the mesial of the right canine. 
Arch Length The measurement of the available space in the maxillary 
and mandibular dental arches, in millimeters, as determined 
using brass wire over the crest of bone from the mesial of 
the left first molar to the mesial of the right first molar. 
Crowding The arch length minus the sum of the mesiodistal tooth 
widths of each tooth from second premolar to second 
premolar.  This can be a positive or a negative number.  A 
positive number indicates the presence of space in the arch, 
and a negative number indicates the presence of crowding 
in the arch. 
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INTRODUCTION 
 
Background 
 Digital applications in dentistry are rapidly evolving, and electronic-based record-
keeping in healthcare is becoming the norm.  Most state dental boards require that 
information pertaining to a patient’s dental treatment remain accessible for many years.  
Digital radiography, digital photography, and software charting systems are all efficient 
and effective ways to create and store patient information.  The last component of the 
dental record to be digitized has been the plaster or stone cast.   
Learning with digital technology must be supported within the dental school 
environment.  The use of virtual impressions and digital dental models is relatively new 
in the dental school setting.  Until the introduction of intraoral scanners and computer-
aided design /computer-aided manufacturing ((CAD/CAM) into the curriculum, dental 
students and residents used traditional methods of taking impressions and pouring casts in 
plaster and stone.  Alginate or polyvinyl siloxane (PVS) impressions were required to 
fabricate dental models using plaster or dental stone.   
Plaster casts have often been considered the “gold standard” for model analysis, 
and model analysis plays an essential role in orthodontic diagnosis and treatment 
planning.  A study by Han et al. published in the American Journal of Orthodontics and 
Dentofacial Orthopedics (AJODO) described how dental models and facial photographs 
of a patient are comparable to a clinical exam.  Han et al. also showed that study models 
alone provided adequate information for treatment planning in 55% of the cases.  (Han et 
al. 1991) 
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Pre-doctoral educational curricula are limited by time and classroom/clinic 
constraints.  Thus, students rarely have the opportunity to learn how to analyze a set of 
models for orthodontic diagnosis and treatment planning.  Many entering orthodontic 
residents learn model analysis for the first time in their programs.  Most post-graduate 
orthodontic programs are still teaching residents simple model analysis using traditional 
plaster casts.  A 2013 survey by Shastry and Park of directors or chairpersons of 
accredited postdoctoral orthodontic training programs in the United States and Canada 
revealed that 65% of the programs who responded used plaster models.  They concluded 
that their three-dimensional feel and the ability to be mounted on an articulator were 
major advantages.  Thirty-five percent of the programs, however, had switched to digital 
models.  Advantages using the digital models included ease in diagnosis and treatment 
planning, ease of storage and retrieval, and exposure to new technology.  The number of 
postgraduate orthodontic programs using digital models will likely increase in the coming 
years.  Of the 65% of programs who reported using plaster models, 37% had plans to 
switch to digital models in the future.  Fifty percent of them had plans to switch to digital 
models in 1 year or less.  (Shastry et al. 2014) 
As a new generation of students enter dental schools, teaching approaches and 
learning resources must be designed to enhance educational outcomes.  It is unknown 
how incorporating computerized technologies in dental school residency programs affect 
the way residents learn to perform traditionally hands-on tasks in their respective 
disciplines. 
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More recently, orthodontists in private practice have embraced the advances in 
dental technology and incorporated intraoral scanners and digital dental models in their 
offices.    Some, however, have yet to engage in the use of computer-based record 
keeping.  The transition to the use of digital technology in the dental office can be 
challenging, and there may be many reasons for this.  In addition to cost, one potential 
reason is the significant learning curve associated with adopting new technology in the 
office.  A learning curve not only exists for the clinician, but for the staff as well.  
Furthermore, since plaster casts have classically been considered the “gold standard” for 
orthodontic model analysis, some might resist learning a new, unproven technique. 
It is important that orthodontic residents be trained on the most accurate and 
efficient technologies to perform simple, everyday tasks associated with diagnosis and 
treatment planning.  A learning curve may also certainly exist for dental students to 
utilize new technology to perform a traditionally hands-on task.  If the students are being 
taught for the first time using digital models instead of plaster models, the learning curve 
may be different.  The influence of using digitized study models versus plaster for simple 
orthodontic model analysis on the learning curve has not been studied in the literature. 
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Literature Review 
 
Accuracy and Reliability of Using Digital Models in Orthodontics 
There have been numerous studies comparing the accuracy and reliability of using 
digital models versus plaster.  Yen analyzed a photocopy of plaster study models and 
compared the measurements made on the computer to those made with a caliper on 
plaster models.  He was able to show that the tooth and arch dimension measurements 
made on a computer were similar to those made on the plaster models.  (Yen 1991)  A 
1996 article published by Kuroda et al. demonstrated a slit-ray laser beam scanning 
technique that obtained various kinds of three-dimensional information from a dental 
cast. (Kuroda et al. 1996) 
A comparative study of manual and computer-aided space analysis was done in 
1997 by Schirmer et al.  The authors used a Xerox machine to mimic the photocopy 
technique first introduced by Yen in 1991 to compare measurements made on plaster and 
digitized models.  They found that a computer-aided measuring system is reliable, but 
accurate mesiodistal measurements could not be made from photocopied dental models.  
They concluded that manual measurements of teeth that used a calibrated gauge (caliper) 
produced the most accurate, reliable, and reproducible results.  (Schirmer et al. 1997) 
Digital study models in orthodontics were not commercially available until 1999.  
An article written by Marcel in 2001 described the use of the OrthoCAD software, 
which produced a virtual 3-D representation of impressions that were mailed to a service 
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center.  The impressions would be poured, scanned and sent as a downloadable image file 
back to the clinician for manipulation and subsequent analysis.  (Marcel 2001) 
In 2003 Santoro et al. reported using the OrthoCAD software to compare 
measurements made on plaster and digital models of the same patient.  Two sets of 
alginate impressions were consecutively taken on 20 randomly selected patients with all 
permanent teeth erupted from first molar to first molar.  They compared measurements of 
mesiodistal tooth size, overbite (OB), and overjet (OJ) on each set of models.  They 
concluded that tooth width and OB measurements made on plaster and digital models 
showed statistically significant differences but the magnitude of the differences was not 
clinically relevant.  There was no difference found in the measurements for OJ.  Santoro 
et al. also commented on the amount of time needed to measure the models.  The authors 
stated that the time required to measure the digital models should be compared to the 
time required to measure the plaster models, and that there was a definite learning curve 
involved with the use of the software.  They indicated that familiarity with the software 
might substantially improve measurement accuracy and reduce the time needed to 
complete all measurements.  (Santoro et al. 2003) 
Joffe described the use of OrthoCAD in a 2004 article.  The author detailed 
advantages of using digital models, which included a simpler and more effective method 
of storing data, simpler integration into a patient’s digital record, ease of retrieval and 
information transfer, and diagnostic versatility.  Manipulation of the virtual models 
allowed for views in all planes of space, sectioning in any desired plane, highlights of 
occlusal contacts, and measurements with virtual calipers.  (Joffe 2004) 
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Zilberman et al. evaluated the validity of tooth size and arch width measurements 
using conventional and three-dimensional virtual orthodontic models created using the 
OrthoCAD software in a 2003 article.  The results of their study showed that 
measurements made with digital calipers on plaster models produced the most accurate 
and reproducible results.  The OrthoCAD measurement tool showed high accuracy and 
reproducibility, but was still inferior to measurements made on plaster casts using digital 
calipers.  (Zilberman 2003) 
A 2008 study by Leifert et al. used the OrthoCAD software to construct 3-D 
virtual dental models and compared space analysis evaluations using the digitized 
versions and their plaster counterparts.  Fifty sets of models from 25 patients were 
selected for comparison.  These included 25 plaster models and 25 digital models.  The 
greatest mesiodistal tooth widths were measured on each set.  For the plaster models, 
orthodontic-style calipers were used to measure the teeth and brass wire was used to 
measure the arch length.  For the digital models, the OrthoCAD computerized 
measuring tools were used.  The authors concluded that the results of the space analysis 
measurements were similar for both the plaster and digital models sets.  (Leifert et al. 
2008) 
As digital technology continued to evolve and the use of digital dental models 
became more prevalent, many more studies were done comparing the accuracy and 
reliability of digital and plaster models.  Throughout the literature, digital study models 
have consistently been shown to be a clinically acceptable replacement for plaster casts 
for routine measurements.   
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A systematic review of the literature published in 2010 by Fleming et al. 
evaluated the validity of the use of digital models to assess tooth size, arch length, 
irregularity index, arch width and crowding versus measurements generated on hand-held 
plaster models with digital calipers in patients with and without malocclusion.  Multiple 
databases were searched and seventeen relevant studies were included.  Overall, the 
findings suggested that the mean discrepancy between measurement based on digital and 
plaster models was low.  The differences in all studies were considered to be clinically 
insignificant.   
Fleming et al. referenced three studies which suggested a significant time savings 
with digital techniques although a significant learning curve and period of adjustment are 
likely to be required.  (Fleming et al. 2010)  Relatively minor differences were described 
by Mullen et al. and Horton et al.  (Mullen et al. 2007 and Horton et al. 2010) 
 
Digital Model Analysis and the American Board of Orthodontics (ABO) 
The ABO clinical exam traditionally has required the use of pre- and post-
treatment plaster dental casts for objective scoring and grading.  Using virtual measuring 
tools on digital dental models might result in a more objective scoring of the cast 
radiograph analysis.  Two studies found in the literature discuss the use of digital models 
for evaluation of the clinical portion of the ABO exam.  Costalos et al. were the first to 
evaluate the ABO Objective Grading System (ABO OGS) using digital models in 2004.  
Forty-eight sets of models from 24 patients were studied.  These included 24 plaster 
models and 24 digital OrthoCAD models.  They found a high correlation between the 
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total scores for both models except for alignment and buccolingual inclination.  (Costalos 
et al. 2005) 
Okunami et al. in 2007 also investigated whether the differences between digital 
and plaster dental casts in scoring the ABO clinical exam were statistically significant.  
Thirty post-treatment plaster dental casts were selected and scanned by OrthoCAD to 
produce 30 corresponding digital dental casts.  The plaster and digital casts were 
compared using the ABO OGS criteria.  Results showed that there were no significant 
differences found for alignment, marginal ridges, OJ, and interproximal contacts.  The 
variable with the most points deducted related to occlusal relationships.  The authors 
concluded that using the OrthoCAD software program was not adequate for scoring all 
parameters as required by the ABO OGS.  (Okunami et al. 2007) 
 
The Use of Digital Study Models in Orthodontic Diagnosis and Treatment Planning 
An evaluation of the use of digital study models in orthodontic diagnosis and 
treatment planning was published by Rheude et al. in 2005.  Rheude et al. randomly 
selected 30 orthodontic patients, 7 of whom mirrored cases required for presentation to 
the ABO.  Evaluators with varying levels of experience were given standardized 
questionnaires to fill out while diagnosing the cases using digital models.  They were 
then given the plaster counterparts and a second identical questionnaire.  The results 
showed that 12.8% of diagnostic characteristics, 12% of treatment mechanics, and 6% of 
proposed treatment plans changed after evaluating the plaster models.  The authors 
concluded that in the vast majority of situations, digital models can be successfully used 
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for records.  It was most difficult to determine molar and cuspid classifications on the 
virtual models.  Observation and cognition of digital models became more accurate after 
the clinicians studied both model types.  The authors suggested using plaster models for 
surgical cases and unusual extraction patterns.  (Rheude et al. 2005) 
Whetten et al. in 2006 described variations in orthodontic treatment planning 
decisions of Class II patients between virtual 3-D models and plaster models.  A decision 
tree was used in both the control and experimental groups of practicing orthodontists who 
were tasked with treatment planning 15 patients fitting certain selection criteria.  To be 
included in the experimental group, the orthodontists could not have used digital models 
in the past.  The plaster group also served as the control group.  For the experimental 
group, 2 treatment planning sessions were scheduled with at least 1 month between them.  
The orthodontists were given either the plaster or digital model type at the first session 
and the other type of model at the second session.  They concluded that the digital model 
evaluation did not significantly affect treatment-planning decisions in Class II 
malocclusions.  (Whetten et al. 2006) 
 
The Use of Computerized Technology in Dental Education 
 The development of clinical skills in dental school requires knowledge of the 
didactic concepts and the physical dexterity to perform various procedures.  Competent 
performance requires students to repeatedly practice the concepts taught in the pre-
clinical and clinical settings, and repetition of the skill to be learned eventually leads to 
proficiency.  Recent advances in dental technology may provide students with an 
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opportunity to learn these skills faster and more independently.  Computer-aided learning 
in the dental school environment has been a developing trend as more institutions adopt 
new technologies for use in dental education.  Research is needed to improve our 
understanding of the extent of technology acceptance by students.   
 A survey published by Margaryan et al. in 2009 investigated university students’ 
use of digital technologies for learning.  The study did not find evidence to support 
popular claims that younger students adopt different learning styles than older students.  
Moreover, the students did not appear to understand the potential of technology to 
support learning.  (Margaryan et al. 2009) 
There have also been surveys of perceptions of faculty, staff, and students on the 
use of digital media and software in educational settings and the impact on learning that 
these technologies might have.  Waycott et al. in 2009 examined how students and staff 
reported on their use of new technologies in their daily lives and their understanding of 
how these technologies can be used as teaching and learning tools.  Their findings 
suggest we need more information about the role that new technology plays in the lives 
of both students and staff.  The assumptions of an existence of a digital divide between 
digital natives (those individuals born after 1980) and digital immigrants (those 
individuals born before 1980) are thus questioned.  (Waycott et al. 2009) 
Dental school faculty in postgraduate orthodontic training programs in the United 
States range in age from the new graduate as young as twenty-eight years old to  
experienced senior faculty more than seventy years old.  This enormous generational 
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divide in our educational system could pose problems when it comes to teaching today’s 
residents digital approaches to diagnosis and treatment. 
 Younger learners are typically seen as more progressive-minded and enthusiastic 
toward digital technologies for the purposes of learning than their older peers.  This was 
described in an article published in Computers and Education in 2010 by Salajan et al.  
However, after surveying dental students and dental faculty members about user 
perception of the impact on learning of basic software improvements, the authors found 
that only slight inter-generational differences existed, and that the digital native – digital 
immigrant duality cannot be simplified.  (Salajan et al. 2010) 
 
Problem Statement 
 No research to date has explored the learning curve of orthodontic novices 
relating to the speed and accuracy at which they perform and repeat a simple model 
analysis for the first time on a digital or a plaster cast.  As residency programs utilize 
digital study models more and more for diagnostic and treatment-planning procedures, it 
will be important to understand which modality better introduces the concept of model 
analysis in postdoctoral programs.  Therefore, the purpose of this study is to determine 
whether the use of digital or plaster models allows more accurate and more rapid skill 
acquisition. 
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Null Hypothesis 
 There is no difference in the learning curve of an orthodontic novice performing a 
simple model analysis on a digital model versus a plaster model when measuring speed 
and accuracy. 
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MATERIALS AND METHODS 
 
This study was approved by the Office of the Institutional Review Board of 
Boston Medical Center/Boston University Medical Campus with an exempt 
determination under the policies and procedures of the Human Research Protection 
Program IRB Number: H-35810.  The official determination correspondence is included 
in APPENDIX A. 
 
Sample 
Senior dental students were selected as proxies for beginning orthodontic 
residents, since a larger sample would be available from the dental students than from 
beginning orthodontic residents. The sample of dental students for participation in the 
study was recruited from the senior clinical classes of both the two- and four-year 
Advanced Standing (AS) and Doctor of Medical Dentistry (DMD) programs at the 
Boston University Henry M. Goldman School of Dental Medicine (BUGSDM).  These 
senior clinical dental students had completed the didactic portion of pre-doctoral 
orthodontic training and were preparing to graduate and enter into residency and 
postgraduate programs including orthodontics.   
Recruitment of the participants was done via email distribution lists and approved 
by the Office of Student Affairs.  A recruitment flyer (Figure 1) was sent to all senior 
dental students.  Participants were given a $10 Starbucks gift card and pizza dinner for 
attending the model analysis session.  An example of the study participant recruitment 
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email can be found in APPENDIX C, and the draft of the thank you email can be found 
in APPENDIX D.  An example of the recruitment flyer is shown in Figure 1. 
 
 
Figure 1: Recruitment Flyer 
 
 
 
Any student who had prior experience with any form of orthodontic model 
analysis or digital dental cast manipulation and assessment was excluded from 
participating in the study.  Any student with clinical orthodontic experience either at 
school or at an extramural rotation was also excluded.   
A total of 65 students enrolled for participation after applying the exclusion 
criteria to those who responded.  All students were provided with informed consent as 
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shown in APPENDIX B.  The 65 student participants were divided into two groups: a 
plaster group and a digital group.  The plaster group contained 25 participants and the 
digital group contained 40 participants.   
 
Model Selection and Preparation 
 Six sets of pretreatment plaster dental models were taken from the post-graduate 
orthodontic clinic at BUGSDM and de-identified for analysis.  A set of models included a 
maxillary and a mandibular cast.  The models had all been trimmed to ABO 
specifications with a bite registration in maximum intercuspal position and labeled with 
the letter “D” for demonstration and numbers “1-5” for independent analysis. The cases 
selected were determined to be of mild difficulty by an orthodontic faculty member and 
had the following characteristics: 
 A full complement of permanent teeth from second molar to second molar in both 
the maxillary and mandibular dental arches 
 All teeth had normal morphology  
 The teeth on the casts displayed no visible attrition or restorations which might 
affect the mesiodistal or buccolingual dimensions of the anatomic crowns 
 Plaster models contained no blebs or chips/cracks that would affect any 
measurement to be taken 
The 6 plaster model sets were duplicated at a commercial laboratory using a 
master impression (CAD DENTAL CERAMICS, Clinton Township, Michigan).  
Twenty-five sets of each model were produced and shipped back to BUGSDM.  All 
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duplicates were inspected for proper trimming and damage.  Any model found to be 
damaged during shipping was discarded.   
The original 6 plaster model sets were used to create the digital model sets.  This 
was accomplished using the Ortho Insight 3DTM desktop scanner with a resolution of 
between 30-40 microns (Motion View Software, LLC, Chattanooga TN) shown in Figure 
2.   
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Figure 2: Ortho Insight 3D Desktop Scanner 
 
 
 
The digital versions produced from the master plaster casts were identical to all of 
the lab-duplicated model sets.  This prevented any variation between plaster and digital 
model sets, so that any variation in measurement would thus be attributable to the 
performance of the participant during the study.  The digital model files were stored in a 
Motion View Software folder on desktop computers and were labeled similarly to the 
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plaster casts: “DEMO” for demonstration and “1-5” for independent analysis as shown in 
Figure 3.   
 
 
Figure 3: List of Electronic Models 
 
 
 
Budget 
 The following is a list of materials and equipment with corresponding associated 
costs that were needed to perform this study: 
1. 30 sets of digital calipers (Orthopli, Philadelphia PA) DONATED 
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2. 30 Motion View Software user licenses    DONATED 
3. 125 duplicated sets of orthodontic models   $2,400 
4. 75 Starbucks giftcards     $750 
5. 30 clear millimeter rulers     DONATED 
6. Miscellaneous items (pencils, brass wire)   $100 
7. Food expenses      $600___ 
Total cost for project:      $3,900 
 
Study Coordinators 
 Four predoctoral students were selected to serve as “study coordinators”.  They 
were asked to assist in the recruitment process and the study session set-up and 
monitoring.  A list of their specific job responsibilities is included in APPENDIX E. 
 
Data Collection 
 All participants in each group were required to use their smart phones as an 
electronic timing device to record the total amount of time it took them to measure each 
individual model set from start to finish.  Time measurements were recorded in a 
standard 00:00 format.  All linear measurements made for the experiment were rounded 
to the nearest 0.01 millimeters (mm).  A standard scoring sheet was used for all 
participants, as shown in Figure 4. 
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Figure 4: Dental Model Analysis Scoring Sheet 
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Participants in the plaster group were given a clear millimeter ruler, standard 
orthodontic caliper, a section of brass wire, and a lead pencil for making calculations.  
Participants in the digital group worked in the computer lab and used the virtual 
measuring tool in the Motion View 3D software.  The following measurements were 
collected from the plaster and digital casts: 
1.) Angle’s classification of the molar relationship of the right side buccal occlusion: 
Defined as CL I (± 2mm), CL II with the number of millimeters from Class I, or 
CL III with the number of millimeters from Class I. 
2.) Overbite: Defined as the millimetric measurement from incisal edge to incisal 
edge of the maxillary and mandibular incisors in the anterior region with the most 
discrepancy in either a positive or negative direction. 
3.) Overjet: Defined as the millimetric measurement from the facial surface of the 
maxillary incisor to the facial surface of the mandibular incisor at the most 
significant anterior discrepancy. 
4.) Arch length: Defined as the distance in millimeters between the mesial surface of 
the left first molar to the mesial surface of the right first molar over the ridge 
crest, measured in both arches. 
5.) Crowding: Defined as the arch length minus the sum of the mesiodistal widths of 
each tooth from second premolar to second premolar, measured in both arches. 
6.) Incisor irregularity: Defined as the sum of the buccolingual distances between 
interproximal contacts of the lower anterior teeth from the mesial of the left 
canine to the mesial of the right canine. 
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Model Analysis Tutorial 
Prior to the participants beginning the model analysis, a 15-minute Power Point 
tutorial was given to the groups instructing them how to perform the orthodontic model 
analysis to measure the parameters as previously described.  Following the brief 
instructional period, the model analysis exercise was performed by the study moderator 
on the demonstration model.  The participants were allowed to ask questions during the 
tutorial and the demonstration analysis.  Once the tutorial and the demonstration model 
analysis were completed, and the participants had no further questions, they were 
permitted to begin the analysis.  The participants were not permitted to talk to each other 
or ask questions once they started their timers.  This would provide for an accurate 
assessment of how well they learned the technique for the first time, and whether they 
gained speed as they moved through the 5 sets of models.  A summary picture slide of the 
measured characteristics was placed in front of them for reference throughout the session.  
This slide is presented in Figure 5. 
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Figure 5: Measurement Summary Slide 
 
 
 
The digital group using the Motion View 3D software was only instructed on 
the use of the necessary virtual tools to measure the variables and manipulate the models 
for improved accuracy.  Figure 6 shows the linear measurement tool selection under the 
model analysis heading. 
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Figure 6: Electronic Linear Measurement Tool Selection 
 
 
 
The virtual models could be manipulated so that they may be viewed from all 
aspects.  This was done by using the left mouse button and “pull and drag” feature.  In 
order to reset the models and remove either the maxillary or mandibular cast from view, 
the 3D Camera function was utilized as shown in Figure 7. 
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Figure 7: 3D Camera Function  
 
 
Figures 8-11 are examples of images taken from the Motion View 3D software 
demonstrating the right side buccal occlusion view, the mesiodistal tooth width 
measurements, the arch length calculation, and the incisor irregularity index calculation. 
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Figure 8: View of Right Side Buccal Occlusion  
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Figure 9: Maxillary Occlusal View Showing Tooth Width Measurements  
 
 
 
 
 
 
 
 
 
 
 
 28 
Figure 10: Maxillary Occlusal View Showing Arch Length Measurement  
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Figure 11: Mandibular Occlusal View Showing Incisor Irregularity Index Measurement  
 
 
 
Control and Standardization 
 Five faculty members in the Department of Orthodontics and Dentofacial 
Orthopedics at BUGSDM were selected to serve as the control group.  Control group 
measurements were only taken on the plaster casts to serve as the “gold standard”.  The 
literature supports the accuracy and reliability of using digitized versions of plaster casts 
to measure the variables that were selected for this study.  Although the faculty members 
were experienced in model analysis, the same tutorial was given to standardize the 
manner in which the measurements were taken (i.e. brass wire, mm ruler, and digital 
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caliper).  The faculty group was also instructed to record the amount of time it took to 
complete the measurements on each model set. 
 
Data Analysis 
 Data from the scoring sheets was double entered into an Access database and 
analyzed using SAS® (Statistical Analyses Software, Version 9.3, Cary, NC).  All 
measurements were individually entered for each of the model sets 1-5.  The 
measurements as previously described were taken on each model set and averaged for the 
groups.  Mean values were generated and labeled “Total”.  A composite score that was 
used to compare the accuracy between the plaster and digital student groups was 
calculated by adding the absolute differences from the faculty group of: number of mm 
discrepancy from CLI of the right-side Angle’s occlusal classification, overbite, overjet, 
maxillary crowding, mandibular crowding, and incisor irregularity.  The time required to 
measure each model set 1-5 as well as the mean time taken for all model sets within each 
group was compared between the three groups. 
 Where we compared two groups (student digital vs student plaster), we used a 
standard T-test.  Where we compared three groups (faculty vs student digital vs student 
plaster), we used General Linear Modeling (GLM).  When the global p-value showed 
significance, we ran pairwise comparisons. 
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RESULTS 
The data showing the results of the student performance when stating Angle’s 
classification of the right side buccal occlusion are shown in Figure 12.  All faculty 
agreed on the Angle’s classification of the right side buccal occlusion within 2mm.   
 
 
Figure 12: Group comparison of percent (%) correct of right side molar classification
 
  
 
For each model set 1-5, the plaster student group was more accurate in classifying 
the right side buccal occlusion than the digital student group when considered either 
“correct” or “incorrect”.  The difference between the two groups for models 2 and 5 is 
statistically significant with  p-values of 0.0376 and p <.0001, respectively.  The actual 
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percentages of models classified as correct within 2 mm of the faculty controls with the 
corresponding p-values are shown in Table 1. 
 
 
Table 1: Percent (%) correct of right side molar occlusal classification and p-values 
Angle’s 
Class DIGITAL PLASTER 
 
p-value 
model1 63% 76% 0.2896 
model2 83% 100% 0.0376 
model3 83% 88% 0.7288 
model4 65% 72% 0.5977 
model5 40% 96% p<.0001 
 
 
For the measurement of overbite, statistically significant differences were seen 
when students measured model 1, model 2, and model 3 (p-values= 0.0012, 0.0043, and 
0.0083, respectively).  Once we noted a significant difference in the global comparison 
for model sets 1-3, we ran a pairwise comparison to see if a significant difference was 
noted between any two groups alone, and none was detected.  Figure 13 represents a 
comparison of measurements of OB on all model sets from all three groups.  For all 
model sets, the plaster group was more accurate. 
  
 33 
Figure 13: Group comparison of Overbite measurements 
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The millimetric measurements of OB for each group taken on each model set with 
corresponding p-values for the global comparisons of means are shown in Table 2. 
 
 
Table 2: Measurements of Overbite with corresponding p-values 
OB FACULTY DIGITAL PLASTER p-value 
Faculty 
vs 
Digital 
p-value 
Faculty 
vs 
Plaster p-
value 
TOTAL 3.14 4.03 3.68 0.1139   
model1 2.60 3.85 3.26 0.0012 0.7003 0.1605 
model2 3.28 4.93 4.14 0.0043 0.7211 0.1376 
model3 4.70 5.98 4.95 0.0083 0.5545 0.3094 
model4 0.30 0.03 0.74 0.2418   
model5 4.80 5.37 5.31 0.4702   
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Figure 14 represents the comparison of the three groups when measuring overjet.  
There are no significant differences between the groups when measuring OJ on any of the 
5 models sets.  The mean calculated for each group was within 0.2 mm between groups. 
 
 
Figure 14: Group comparison of Overjet measurements 
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Table 3 shows the millimetric measurements of OJ for each group on each model 
set with corresponding p-values.  There were no statistically significant differences 
between the three groups. 
 
 
Table 3: Measurements of Overjet with corresponding p-values 
OJ FACULTY DIGITAL PLASTER p-value 
TOTAL 3.95 4.15 3.82 0.4274 
model1 3.14 3.53 3.23 0.3705 
model2 5.60 5.82 5.80 0.9006 
model3 5.90 5.58 5.44 0.7197 
model4 0.62 1.14 0.34 0.2233 
model5 4.50 4.69 4.31 0.5429 
 
 
Maxillary arch crowding was calculated by measuring the arch length (available 
arch space) and subtracting the sum of the mesiodistal tooth widths of upper second 
premolar to upper second premolar.  This could either result in a positive or negative 
number.  A positive number would indicate space in the arch, whereas a negative number 
would indicate crowding in the arch. 
We noted a significant difference between the faculty and the digital and plaster 
groups in the students’ ability to accurately calculate both the required arch space and 
arch length for both the maxillary and mandibular arches.  However, despite these 
differences, neither was more accurate than the other; meaning, they were both equally 
inaccurate.  Additionally, these inaccurate measurements did not negatively affect the 
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students’ ability to accurately calculate the maxillary and/or mandibular crowding.  Table 
4 represents the measurements of required arch space for the maxilla and corresponding 
p-values and includes pairwise comparisons, and table 5 represents the measurements and 
p-values for arch length of the maxilla with the pairwise comparisons. 
 
 
Table 4: Measurements of Maxillary Required Space with p-values 
MAX 
required 
space Faculty Digital Plaster p-value 
Faculty 
vs 
Digital 
p-value 
 
Faculty 
vs 
Plaster 
p-value 
 
TOTAL 78.26 72.59 75.90 <.0001   
model1 80.06 73.17 76.77 0.0005 0.0025 0.0004 
model2 79.94 74.46 77.71 0.0004 0.0054 0.0049 
model3 78.44 72.19 76.16 <.0001 0.0024 0.0003 
model4 77.64 71.45 75.10 <.0001 0.1807 0.0142 
model5 75.20 71.93 73.78 0.3575   
 
 
Table 5: Measurements of Maxillary Available Space with p-values 
MAX 
available 
space Faculty Digital  Plaster p-value 
Faculty 
vs 
Digital 
p-value 
 
Faculty 
vs 
Plaster 
p-value 
 
TOTAL 77.38 73.27 77.54 <.0001   
model1 79.50 76.66 81.82 <.0001 <.0001 0.018 
model2 80.40 73.92 78.97 <.0001 0.0004 0.0005 
model3 77.66 73.78 77.02 0.0014 0.097 0.071 
model4 73.90 71.13 76.09 <.0001 0.0008 0.0129 
model5 75.46 70.86 73.82 0.0035 0.22 0.046 
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Figure 15 shows a comparison of the measurements of maxillary crowding 
between the three groups. The values for model sets 1-5 can be seen in Table 6. 
 
 
Figure 15: Group comparison of Maxillary Crowding measurements 
 
 
 
Table 6: Measurements of Maxillary Crowding with corresponding p-values 
 
 
 
 
 
 
 
 
 
 
-5.00
-4.00
-3.00
-2.00
-1.00
0.00
1.00
2.00
3.00
4.00
5.00
6.00
TOTAL model1 model2 model3 model4 model5
MAXILLARY CROWDING (mm)
FACULTY DIGITAL PLASTER
MaxCrowd FACULTY DIGITAL PLASTER p-value 
TOTAL -0.87 0.68 1.64 0.042 
model1 -0.56 3.73 5.08 0.0762 
model2 0.46 -0.54 1.26 0.205 
model3 -0.78 1.58 0.86 0.3999 
model4 -3.74 -0.31 0.98 0.0696 
model5 0.26 -1.07 0.04 0.7389 
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 Mandibular arch crowding was likewise calculated by measuring the arch length 
(available arch space) and subtracting the sum of the mesiodistal tooth widths of lower 
second premolar to lower second premolar.  This also could either result in a positive or 
negative number.  Again, a positive number would indicate space in the arch, whereas a 
negative number would indicate crowding in the arch. 
Similar to the maxillary measurements, we noted significant differences between 
the digital and plaster groups in the students’ ability to accurately calculate the required 
arch space and arch length of the mandible.  Table 7 represents the measurements of 
required arch space for the mandible and corresponding p-values, and table 8 represents 
the measurements and p-values for arch length of the mandible. 
 
 
Table 7: Measurements of Mandibular Required Space with p-values 
MAND 
required 
space Faculty Digital Plaster p-value 
faculty 
vs digital 
p-value 
 
faculty 
vs 
plaster 
p-value 
 
TOTAL 69.41 64.89 67.64 <.0001   
model1 75.58 70.20 73.51 0.0495 .0001 <.0001 
model2 70.52 64.59 68.58 <.0001 .0009 0.0006 
model3 68.52 64.66 66.21 0.0171 0.806 0.0597 
model4 65.94 61.49 64.34 <.0001 0.0835 0.0196 
model5 66.50 63.50 65.55 0.148   
 
  
 40 
Table 8: Measurements of Mandibular Available Space with p-values 
MAND 
available 
space Faculty Digital  Plaster p-value 
Faculty vs 
Digital  
p-value 
 
Faculty vs 
Plaster    
p-value 
 
TOTAL 65.54 61.78 64.19 0.0006   
model1 73.90 71.23 73.84 0.0058 0.0066 0.003 
model2 63.70 59.92 62.25 0.0549   
model3 63.70 60.17 62.56 0.1025   
model4 61.90 58.13 61.80 0.0277 0.147 0.1411 
model5 64.50 59.47 60.52 0.004 0.9469 0.0028 
 
 
Figure 16 shows a comparison of the measurements of mandibular crowding 
between the three groups. The values for model all sets 1-5 can be seen in Table 9. 
 
 
Table 9: Measurements of Mandibular Crowding with corresponding p-values. 
MandCrowd FACULTY DIGITAL PLASTER p-value 
TOTAL -3.87 -3.10 -3.44 0.7475 
model1 -1.68 1.03 0.33 0.4965 
model2 -6.82 -4.68 -6.33 0.3375 
model3 -4.82 -4.85 -3.65 0.8428 
model4 -4.04 -3.36 -2.54 0.7898 
model5 -2.00 -4.03 -5.03 0.374 
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Figure 16: Group comparison of Mandibular Crowding measurements 
 
 
 
The final measurement on each model set taken during the exercise was the 
Incisor Irregularity Index.  A comparison between the groups of IRR values can be seen 
in Figure 17.  Table 10 shows the actual millimetric values with corresponding p-values.  
Models 1, 2, and 5 demonstrated a significant difference from the faculty measurements 
for both groups.  Furthermore, when comparing the mean of the IRR across all model sets 
1-5, both the plaster and digital groups differed significantly from the faculty group with 
a p-value of <0.0001, with the plaster group demonstrating less of a difference from the 
faculty control than the digital group.  Pairwise comparisons between the three groups for 
models 1, 2, and 3 all reveal a significant difference between the faculty control group 
and both student groups, but not a significant difference between the student groups.   
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Figure 17: Group comparison of Incisor Irregularity Index 
 
 
 
Table 10: Measurements of Incisor Irregularity Index with corresponding p-values 
IRR FACULTY DIGITAL PLASTER p-value 
Faculty 
vs 
Digital 
p-value 
Faculty 
vs 
Plaster 
p-value 
TOTAL 8.53 11.46 9.20 <.0001   
model1 6.46 9.34 7.14 0.0042 0.0031 0.0088 
model2 8.70 11.96 8.98 0.0108 0.0067 0.0714 
model3 9.98 11.92 10.44 0.1223   
model4 8.70 10.26 9.40 0.209   
model5 8.80 12.22 10.02 0.0002 0.0002 0.0040 
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Following completion of all measurements on each model set, the participants 
were required to record the total amount of time it took to measure each set of models.  
Figure 18 shows the average time required to measure each model set for each of the 
three groups, along with the mean time taken for the individual groups to measure all 5 
model sets.  Table 11 shows the time values in 00:00 format. 
 
 
Figure 18: Group comparison of Time 
 
  
0
2
4
6
8
10
12
14
16
18
20
TOTAL model1 model2 model3 model4 model5
TIME (minutes)
FACULTY DIGITAL PLASTER
 44 
Table 11: Measurements of Time with corresponding p-values 
Time FACULTY DIGITAL PLASTER p-value 
TOTAL 12.42 12.57 12.51 0.9797 
model1 13.81 17.34 16.1 0.2575 
model2 11.66 13.01 13.66 0.3783 
model3 12.38 11.78 11.84 0.9122 
model4 12.49 11.07 11.15 0.4646 
model5 11.76 9.66 9.82 0.0814 
 
 
 A composite score was used to assess the overall differences between the groups.  
The composite score was calculated by adding the absolute differences of the following 
measurements: overbite, overjet, maxillary and mandibular crowding, and incisor 
irregularity index.   These values are shown in Figure 19.  The score, or sum of 
differences, was our measure of accuracy comparing the student digital and plaster 
groups to the faculty control group.  Models 2 and 5 showed a significant difference in 
the composite scores of the digital and the plaster student groups when comparing them 
to the faculty controls, with the digital group being less accurate (Table 12).   
 
 
Table 12: Accuracy with composite score and corresponding p-values 
Composite Score DIGITAL PLASTER p-value 
MODEL 1 14.36 13.62 0.6927 
MODEL 2 13.49 10.48 0.0429 
MODEL 3 12.75 11.84 0.4015 
MODEL 4 14.15 13.79 0.8514 
MODEL 5 13.59 10.53 0.0283 
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Figure 19: Group comparison of accuracy using a Composite Score 
 
 
 
The overall results of this study suggest that there is a difference in the learning 
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DISCUSSION 
 
   
 The students who participated in this study were taught orthodontic model 
analysis for the first time.  Through analysis of the data collected, we attempted to 
evaluate the learning curve that the students have from repeated practice of this exercise.  
It is generally accepted that repetition of procedures is necessary to develop skills in 
dentistry.  By analyzing and comparing the measurements taken throughout the exercise 
on the five sets of models by each student group, we might expect them to be progressing 
either faster, more accurately, or both.  By the fifth model set, whether plaster or digital, 
learning may have taken place to the extent that the students became faster and/or more 
accurate.  The intent was to try to discover which group demonstrated a faster learning 
curve or became more accurate more quickly.  We noted that there was not a difference 
between the faculty and students when comparing the amount of time it takes to complete 
all the measurements on each cast.  This may be explained by the fact that although the 
students were learning the task for the first time, the faculty may have been more careful 
and taken their time to complete all the measurements.  
The results of this study suggest that in general, students learn the model analysis 
more accurately on plaster.  However, neither the speed or accuracy was significantly 
better on model 5 as compared with model 1.  This certainly does not mean the plaster 
models are preferred.  Rather, it indicates that while there are many benefits to using 
virtual models, at least for educational purposes, there remains something to be said 
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about learning model analysis for the first time with a plaster model in hand and that that 
may still be the better approach to teaching.   
Rheude et al. found it to be most difficult to determine the molar and cuspid 
classification on virtual models versus plaster models.  (Rheude 2005)  Our study also 
showed that to be a significant result, as the digital student group was much less accurate 
than the plaster group as compared to the faculty controls when classifying the molar 
occlusion.  Similar to a study by Santoro et al. in 2003, we found that there was no 
significant difference in the results of the two groups compared to the faculty when they 
measured overjet, but there was a significant difference between the two groups when 
measuring overbite. 
The results of a study by Zilberman et al. showed that measurements made with 
digital calipers on plaster models by orthodontists produced the most accurate and 
reproducible results.  The digital measurement tool used in the study showed high 
accuracy and reproducibility, but was still inferior to measurements made on plaster 
casts.  (Zilberman et al. 2003)  This is consistent with our comparison between the two 
groups when using the composite score method. 
A 2008 study by Leifert et al. used the OrthoCAD software to construct 3-D 
virtual dental models and compared space analysis evaluations using the digitized 
versions and their plaster counterparts.  The authors concluded that the results of the 
space analysis measurements were similar for both the plaster and digital models sets.  
(Leifert et al. 2008)  Our results demonstrate similar findings when we break out the 
space analysis portion of the TOTAL SCORE method of comparison. 
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Observationally, the students who participated in the digital group were more 
excited to complete the exercise.  This is reflected in the number of participants that 
signed up for each group: twenty-five for the plaster and forty for the digital.  The group 
sign-up was not randomized, and students were able to choose which group they were 
placed in.  
We decided that it was not necessary for the faculty to perform the model analysis 
on the digital models.  This was because we simply wanted to use their measurements on 
the plaster sets as the control for accuracy.  Plaster model measurements made by 
practicing orthodontists have traditionally been called the “gold standard”.   
 
Study Limitations 
One of the study limitations we noted was the difference in the group size.  The 
participants were not randomized into either the plaster group or the digital group.  They 
were able to choose which group they wanted to participate in.  This could potentially 
introduce bias into the results as the study was unbalanced. 
Another limitation of our study is that we did not have the faculty control group 
measure the casts a second time to produce an intra-examiner reliability test.  However, 
we were able to address the agreement between faculty members using the composite 
score calculation.  The intraclass correlation coefficient (ICC) for the composite score for 
the five faculty who served as the control group was 0.41 (95% CI: 0.04, 0.76), which 
represents a low-level of agreement between raters (ideal is 0.7 or greater).  The ICC was 
a post-hoc analysis, rather than being calculated at the beginning of the study.  If we were 
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aware of this at the beginning of the study, the faculty should have been recalibrated to 
improve the ICC.  The control group only took one set of measurements due to the fact 
that orthodontists taking measurements on plaster models has been shown throughout the 
literature to be the gold standard.  Ideally   the faculty control measurements would have 
been taken a second time. 
Another limitation is the fact that the casts were always measured in the same 
order.  Although the cases were selected to be of equal degree of malocclusion, it would 
have  been interesting to compare the scores for a particular model without regard to the 
order of a particular cast. 
 
Future Directions 
            Because we are studying the learning curve of dental students performing a newly 
learned task, we should re-assess their ability to perform the same task on the same model 
sets at some point in the future.  We determined that we wanted to study this within 6 
months of the original study to determine whether or not learning model analysis on 
either the plaster or digital casts helps the students to retain their learning, and whether 
the gap in the learning curve closes at the second attempt.   
           We had difficulty recruiting the same groups of students to perform the retest due 
to student exams and clinic schedules.  Partial retest data does show however that the 
time required to complete the analysis decreased for both groups the second time around.  
Data also showed that the students measurements were more accurate the second time 
they performed the model analysis, which was six months following the first session.   
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CONCLUSIONS 
 
1. The time to complete all measurements continuously dropped throughout 
the exercise from model1 to model 5, with the biggest drop being from 
model1 to model2 in both groups. 
2. The digital student group initially learned the model analysis more quickly 
on the computer than the plaster group.  This is seen by a bigger time 
difference from model1 to model2 with the digital group. 
3. By the fifth model, the students took a similar amount of time to measure 
each type, plaster and digital.  
4. The digital student group had a more difficult time accurately determining 
the right-side Angle’s occlusal classification.  In all instances, the plaster 
group performed better. 
5. The plaster student group overall was more accurate with the 
measurements than the digital group when using the composite score 
method of comparison.   
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APPENDIX A: IRB APPROVAL LETTER 
 
Title of Study: Dental student learning of dental cast analysis using 
plaster and digital models. IRB Number: H-35810  
  
RE: Initial Review Submission Form Review Type: Exempt Action: 
Exempt Determination  
Date of Action: 02/13/2017 Date of Expiration: 02/12/2020 Funding 
Source: Dept/Internally funded  
Dear Frank Edwin Schiano, DMD,  
February 13, 2017  
A qualified member of the Institutional Review Board (IRB) staff has 
reviewed the above referenced submission and has determined that the 
study qualifies for an exemption determination under the policies and 
procedures of the Human Research Protection Program 
(http://www.bumc.bu.edu/ohra/hrpp-policies/) under category (1).  
This exemption determination is valid through the expiration date 
indicated above. You may close the study at any time when research 
activities are complete. You will be asked to file a brief status report prior 
to the above expiration date to indicate whether research activities are 
ongoing to renew this exemption determination.  
This determination corresponds with the versions of the application and 
attachments in the electronic system most recently approved as of the date 
of this letter.  
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Protocol Specific Determinations  
• This study is determined to be HIPAA exempt: No PHI collected, 
accessed, used or distributed under 45 CFR 164.514  
All determinations regarding this project have been made based on the 
information submitted by the investigator. Any modifications to the 
research plan that would possibly change this exempt determination must 
be submitted to the IRB for review and confirmation of continued exempt 
status prior to initiation of the change.  
H-35810 PI Name: Frank Edwin Schiano, DMD Page 1  
 
  
As principal investigator, you are reminded that you must comply 
with the responsibilities listed here 
<http://www.bumc.bu.edu/irb/files/2016/12/PI-Responsibilities.pdf> 
with the exception of point #13. PLEASE NOTE: Minor changes to the 
study that do not affect the exempt determination do not need to be 
submitted to the IRB. You will be asked to summarize such changes if 
and when you renew the exemption determination.  
Sincerely yours, Jamie Merrill, MPH IRB Administrator  
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APPENDIX B: STUDY CONSENT FORM 
 
Background  
 
You have been asked to participate in an educational research project which will test your 
ability to analyze a dental model using plaster or a digital version.  You will be 
measuring specific characteristics of the models and you will be timed. 
 
Purpose  
 
The purpose of this research study is to evaluate whether differences exist in the ability of 
a senior dental student to learn model analysis on a traditional plaster dental cast and a 
digital analog. 
 
What Happens In This Research Study  
 
You will be one of approximately 96 dental students who will participate in this study. 
Participating in this study will mean that you will be asked to attend a two-hour session in 
either the BUGSDM simulation learning center or the computer lab and take 
measurements on dental casts. You will be taught the proper analysis technique on either 
a plaster model or a digital model. Following the instructional presentation, you will be 
given models of your own to analyze. Your measurements will be recorded and compared 
to those of a control group of orthodontic faculty. 
 
Risks and Discomforts  
 
The only discomfort you may experience is due to sitting for a prolonged period of time. 
You may also potentially experience performance anxiety at which point you may elect 
to stop your participation. 
 
Potential Benefits 
 
Your participation in this study will teach you how to effectively analyze various 
components of a dental cast for diagnostic purposes. 
 
Alternatives  
Your alternative is to not participate in the study. 
 
 
Subject Costs and Payments  
 
There are no costs to participating in this study. It will take approximately two hours of 
49 
 
 
your time. For you time you will be compensated with a nominal gift card and food will 
be provided just prior to beginning the study. 
 
Confidentiality  
 
All study participants will be coded with a unique identification number and only the 
study doctor will have access to that information. The results of this research study may 
be presented at meetings or in publications. Your identity will not be disclosed. 
 
Subject's Rights  
  
By consenting to participate in this study you do not waive any of your legal rights. 
Giving consent means that you have heard or read the information about this study 
and that you agree to participate. You will be given a copy of this form to keep.  
If at any time you withdraw from this study you will not suffer any penalty or lose any 
benefits to which you are entitled.  
You may obtain further information about your rights as a research subject by calling 
the Office of the Institutional Review Board of Boston University Medical Center at 
617-638-7207. If this study is being done outside the United States, you can ask the 
investigator for contact information for the local Ethics Board.  
The investigator or a member of the research team will try to answer all of your 
questions. If you have questions or concerns at any time, or if you need to report an 
injury while participating in this research, contact Dr. Frank Schiano at 617-388-1401 
during the day and the resident on-call at 617-638-4100 after hours. 
 
Right to Refuse or Withdraw 
  
Taking part in this study is voluntary. You have the right to refuse to take part in this 
study. If you decide to be in the study and then change your mind, you can withdraw 
from the research. Your participation is completely up to you. Your decision will not 
affect your being able to get health care at this institution or payment for your health 
care. It will not affect your enrollment in any health plan or benefits you can get.  
If you choose to take part, you have the right to stop at any time. If there are any new 
findings during the study that may affect whether you want to continue to take part, you 
will be told about them as soon as possible. 
 
The investigator may decide to discontinue your participation without your permission 
because he/she may decide that staying in the study will be bad for you, or the sponsor 
may stop the study.  
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The results of this research study may be published in a medical book or journal, or used 
to teach others. However, your name or other identifying information will not be used for 
these purposes without your specific permission. ) 
 
 
Signing this consent form indicates that you have read this consent form (or 
have had it read to you), that your questions have been answered to your 
satisfaction, and that you voluntarily agree to participate in this research study.  
You will receive a copy of this signed consent form. 
 
----------------------------------------------------------------------------------------------------- 
Subject (Signature and Printed Name)    Date 
 
 
 
----------------------------------------------------------------------------------------------------- 
Study Partner (Signature and Printed Name)                             Date 
 
 
 
----------------------------------------------------------------------------------------------------- 
Investigator or Designee (Signature and Printed Name)           Date 
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APPENDIX C: PARTICIPANT CONFIRMATION EMAIL 
 
 
Dear (student): 
 
Thank you for your willingness to participate in the orthodontic research project titled, 
"A Comparison of Dental Student Learning: Orthodontic Model Analysis on Plaster vs. 
Digital Casts." 
 
You have been assigned to the following group: 
 
Plaster session  
 
 
 
 
Please make sure to arrive at the large SLC lab promptly at 6pm on the date above so that 
we can begin the experiment.   
 
You will need to bring your BUID and your cell phone with you so that we can use the 
phone as a timer device for your work. 
 
We look forward to working with you! 
 
Thank you, 
Dr. Frank Schiano 
Ortho 2018 
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APPENDIX D: PARTICIPANT THANK YOU EMAIL 
 
Dear Participant,  
Thank you for your participation within the Plaster Orthodontic Model Analysis Study 
Session. We recognize how busy your schedule is and we greatly appreciate your time 
and effort. We hope that this was an academically beneficial experience for you as well.  
In order to conduct a worthwhile experiment, an additional session is necessary to serve 
as a "retest". Participation is necessary to receive the ortho/pedo credit, as mentioned 
during the preliminary session. Please mark this day in your calendar and remember to 
also block yourself off from clinic accordingly. A reminder email will be sent out as the 
date approaches.  You will also receive another Starbucks giftcard. 
If you have any further queries or observations arising from this study, please feel free to 
write to us by email. Again, thank you very much for your time and effort that made 
this research study possible. 
Sincerely, 
Dr. Frank Schiano 
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APPENDIX E: RESEARCH STUDY COORDINATOR DUTIES 
 
Dental Student Learning of Plaster and Digital Model Analysis 
PI: Dr. Frank Schiano 
Dept. of Orthodontics and Dentofacial Orthopedics 
BUGSDM 
 
Research Study Coordinator 
Job Description 
 
The student study coordinator(s) for this project will have the following responsibilities: 
 
-Become familiar with the project by meeting with the PI and reviewing all relevant 
materials 
 
-Understand the model analysis tutorial and be able to answer participant questions  
 
-Help with study group recruitment efforts: record and maintain names and contact 
information of student participants 
 
-Be present for all group sessions in both the SLC and the computer lab 
 
-Assist with setting up all sessions including study models and other materials 
 
-Collect consents and model analysis scoring sheets 
 
-Other miscellaneous duties as required 
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